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Abstract. Results on the fragmentation of heavy quarks from analyses of inclusive lep-
tor production in e*e~ annihilation are studied. The use of various fragmentation variables
is closely examined and their differences resoived, providing a common basis for comparison
of experimental results. The mean value of the fraction of available energy-momentum car-
ried by the primary heavy hadron, defined as z = %ﬂ)'ﬁ, is determined to be '(z)c =
0.67+0.02£0.02 and {z); = 0.834£0.0110.02 for an unknown mixture of charmed and bottom
flavoured hadrons respectively. The corresponding values of the parameter eg of the Peterson

fragmentation function are .= 0.06 | ool ~ ooy and = 0.006 _ 5001 & 0002 . The ratio

ec/ts can be approximately related to MZ/M? giving a value of 10 1 4 7% in agreement
with an expectation of ~ 10. Measurements of the charged multiplicity of hadrenic events

containing heavy guark jets are investigated in terms of the mean value of 2.



Introduction.

A number of experiments in e*e™ annihilation have now reported results on the frag-
mentation of heavy quarks using a variety of metheds. Despite the wealth of information
available, comparisons of the results are hindered by the many different formulations of the
fragmentation variable. A complete evaluation of the available data cannot thus be made,
until the differences between these formulations are unravelled. Such an attempt is presented
in this paper with particular emphasis on the results arising from analyses of inclusive lepton
production:.

The Peterson Fragmentation Function.

The fragmentation of heavy quarks into heavy hadrons is of both theoretical and exper-
imental interest. An understanding of the underlying process provides knowledge of the in-
clusive hadron spectrum and its energy dependence in e*e~ annihilation. The fragmensation
of quarks (and gluons} into hadrons occurs at large distances where perturbative Quantum
Chromodynamics (QCD) (1] no longer applies. To this effect, non-perturbative models, such
as the independent jet [2] and the colour string models [3|, are introduced to describe the
hadronisation process. The development of the longitudinal fragmentation process in these
models, is parametrised by a scaling function f{z), where z is the fraction of available energy-
momentum, (E + p), carried by the primary hadron. The actual form of this function has
been, and still is, the subject of theoretical and experimentai endeavour. Originally it was
assumed that f{z) for heavy quarks, @, was similar to thal for light quarks, g, which fragment
principally into pions and kaons, with a distribution of z which steeply falls as z increases
[4]. However, kinematic considerations |5] for a heavy quark fragmenting into a hadron {Q7
or Qgq) suggest that the momentum of the heavy quark is retained by the hadron containing
@, leading to a ‘harder’ distribution in z (i.e. peaked lowards higher values of 2) than for the
light quarks, ¢. Pursuing these arguments and calculaiing the transition probability for the
process § — QF + ¢, Peterson et al. developed the following fragmentation function |8}
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(E+ p”]kadron is the sum of the energy and momentum component parailel to the fragmen-
tation direction cartied by the primary hadron. (E + p}quu,.k is the energy-momentum of the
quark after accounting for initial state radiation, gluon bremsstrahlung and photon radiation
in the final state. The parameter €g, is, for each heavy quark, @, expected to have a value
approximately equal to

2
€q = AM;

Mg
i.e. the ratio of the squares of the masses of the light and heavy quarks forming the primary
(or leading) meson.

(3)

Although other forms of the fragmentation function have been proposed [2-3;7], the
Peterson function has been widely adopted in analyses determining the ‘hardness’ of heavy
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quark fragmentation functions; its biggest attraction being that it has only one free parameter,
€¢, which is to be determined experimentally for each heavy quark, Q. The first experimental
results to indicate a hard fragmentation for heavy quarks were those obtained from analyses
of the momentum spectra of charmed hadrons [8].

Heavy Quark Fragmentation from Charmed Hadron Production.

In the continuum of ete™ annihilation, the heavy ¢ quarks are plentifuily produced and
their fragmentation into the charmed particles, D, D", D,(F), D} (F*), Ac, has been directly
observed. In particular, much is known of the ¢ — [ process through the successful re-
construction of the hadronic decays of the 2. The inclusive D" cross section is, however,
usually determined as a function of the fragmentation variable, zg (4) or =, {5) rather than
z (2), as these variables, unlike z, are experimentally accessible on an event by event basis.

Ehadron
T = ——— 4
Ebeam [ }
2y = Phadron {5}

S 2 _ 2
Ebeam Mhadron

Clearly, zg or z,, is not the same as z when the effects of initial state radiation and giuon
bremsstrahiung are considered. (The effect of final state radiation is relatively insignificant.}
These processes result in a quark energy which is less than the energy of the incoming beam of
electrons or positrons, Epeqrm, and therefore, by definition, rg,z, < z. Despite this significant
difference hetween the variables, the zz or z,, distribution is, nonetheless, fitted directly to
the Peterson form of the fragmentation function (with zg, z, replacing z in (1) ) and the
mean value of the variable zg, z, and equivalently ¢(zg), €(zp) are quoted. Corrections
therefore have to be applied to relate the measured distributions of f({z) to the theoretical
distributions of f(z). This has been done in 8] which shows that of the energy of the primary
¢ quark (after allowing for the effects of initial state radiation and gluon bremsstrahlung),
the resulting D~ retains a fraction of {z} = 0.70 £ 0.01 £ 0.03 . It is also illustrated in [8]
that the Peterson functional form does not provide an adequate description of the measured
zg spectrum, but is well suited to parametrising the underlying z spectrum.

Heavy Quark Fragmentation from Inclusive Lepton Production.

The fragmentation of & quarks into & flavoured mesons and baryons in the ¢*e™ annihi-
lation continuum is, on the other hand, far less well explored due to the small b quark cross
section and the very inefficient reconstruction of the b flavoured hadrons. However, significant
contributions towards an understanding of both the & and ¢ fragmentation have been made
from studies of inclusive lepton production in ¢¢ and bb events. Such processes are described
by the fragmentation of the heavy guark into a heavy hadron which subsequently undergoes
a semj-leptonic decay. This is depicted in Fig. 1 for a B meson. The lepton momentum,
p(l), being dependent upon the momentum of the parent hadron, contains information on
the fragmentation of the heavy quark. The transverse component of the iepton momentum
relative to the jet axis, py (I), facilitates separation of the quark flavours. This separation may
be aided by using an event shape variable. Typical analyses thus proceed by deducing the
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p(1),po{l)} spectra of the quark flavours' according to the Peterson fragmentation function
{for various values of €g), and fitting these to the corresponding spectra of the data. Such
statistical analyses do not however restrict the choice of fragmentation variable; although
(2) is theoretically preferred, other variables in addition to {2}, and (4), have been used in
analyses of inclusive leptons:

Epodron
Zp = —i= z 6
" Equ.u.ric ( )
2K
Ty = & Hhadron (7

\ﬁe!j’ectz‘ue

where /5, 1, ... 15 the energy of the virtual photon produced in the ete™ collision after
accounting for initial state radiation {and therefore zp < =, < z,25).

The existence of many fragmentation variables has, not surprisingly, led to confusion in
the past.? There are however further complications. All fragmentation variables described so
far are - in analyses of inclusive leptons - reconstructed from the Monte Carlo mode! used; i.e.
once an event has been generated, the quantities Engdrons Equarks Ebeam elc. are accessed
and the fractions z,zg,zp are calculated. In one exception [11] however, the [raction, z,
is not reconstructed from the generated Monte Carlo event, but is taken directly from that
allocated by the primordial fragmentation function. At this point it is necessary to distinguish
between the two, as their values differ for reasons dependent upon the technicalities of Monte
Carlo models; z(rec.} and z{pri.) thus refer to the reconstructed and primordial values of z
respectively.

There is an inherent problem within independent jet models that stems from the cre-
ation of massive jets of hadrons from massless quarks, and leads to the non-conservation of
energy and momentum during the process. To rectify this, certain technical medifications are
applied in order to provide final states that are balanced in energy and momentum. These
amendments consist of a rescaling in the particle momenta and energies after completion of
the fragmentation process, leading to an inequality between the values of 2(pri.) and z(rec.)
which is particularly significant in events in which a hard gluon is emitted. In string models,
fragmentation proceeds along the colour-flux lines connecting the partons rather than along
the actual parton direction {as in independent jet models). By consiruction, energy and
momentum are conserved locally at each step of the particle generation process. The recipe
required to achieve this however, constrains the energy-momenium of the produced hadron,
leading to a slight difference between the values of z(pri.) and z{rec.}. In addition, the sum of

"The p(i), pi (!) distributions of the quark flavours are obtained frem a Monte Carlo simulation model. The
distributions are mainly governed by the mass of the quark. There are, however, other influences. For a
given value of z, the p(f} distribution depends slightly on the identity of the parent hadron. A primary D),
for instance, decays into the two-body state D, w or D,7. The lepton resulting from the subsequent weak
decay of the D meson will thus have a softer momentum spectrum than had the D meson been formed in
the primary hadronisation. The differences are, however, relatively small. The value of the strong coupling
constant and the perturbative QCD cut-off parameter employed in the Monte Carlo simulation have a more
sighificant effect. The uncertainty in their values is not, however, always considered as a source of systematic
2rror.

2Early fits of the D" cross section as a function of zp (4} to the Peterson function found good agreement
for ¢(xg) = 0,25. Unaware of the ‘subtle’ differences in fragmentation variables, some experiments wrongly
interpreted this value of ¢(xg) to be a valid representation of ihe charm fragmentation spectrum in zg (6)
[9] and in z (2) {20].

the energy and momentum available for the formation of the primary hadron is not strictly
interpreted as the energy-momentum of the primary gquark (as in (2) ), but rather as the
energy-momentum component of the remaining, unfragmented system. The consequence of
this different definition of ‘available energy’ in the string model, is that in some cases of hard
gluon emission, the produced hadron can have a larger energy-momentum than the primary
quark, leading to a value of z(rec.), as defined by (2], which is greater than unity. Whatever
the fragmentation model however, the value of z of the primary hadron given by the primor-
dial fragmentation function is not, in general, identical to that which is reconstructed from
the parton and hadron final state momenta and energies. The value of z(rec.) for a given
event, is generally larger than z{pri.), with the magnitude of the difference depending on.the
respective strength of the gluon coupling constant (a,) and upen the definition (and value)
of the cut-off parameter used to resolve between partons. The resulting shift in the overall
mean value of 2, from {z(pri.)} to (z(rec.)) does not differ greatly between the two types of
fragmentation model, after allowing for the different values of &, required by the two models
to describe the data.

The situation is thus somewhat confused. Experiments unfold the p(!) distribution as a
function of one of a number of fragmentation variables, z{pri.}, z(rec.) or zg, and quote the
corresponding values of ¢, denoted here by e(2(pri.)), e{z(rec.}), e(zz). (Although note that in
[12] e, (2(ree.)} is determined but {z(pri.)} is quoted!] Tn order to make a comparison between
the various experimental results, the effects of the different definitions of the fragmentation
variable need to be examined and accounted for. These effects are depicted in Fig. 2 which
shows the mean values of z(pri.), z{rec.} and zg as a function of the value of ¢ used in (1),
for (a) ¢ — hiX and (b) b — {1 X events at B¢ = 29 GeV, as determined from the Lund
Monte Carlo model employing a value for the strong coupling constant of e, — 0.165 and a
value for the perturbative QCD cut-off parameter of, ymin = m?j/s = 0.015, where m;; is
the minimum invariant mass between resolvable partons ¢ and j.

This figure (and others at different centre of mass energies) is used to extract {z(rec.})
from measurements employing other fragmentation variables. Where this is done a systematic
error is included to allow for the uncertainty in relating {z(pre.)) and {zg} to {(z(rec.)}. This
uncertainty stems from the omission in publications of the values of &, and ¢mi, used in
the various fitting procedures (this mainly affects the relation between {zg) and {z{rec.)}),
and from the imprecise experimental determination of the value of &, knowledge of which
is Tequired to correct the results of {xg) and z(pri.) to z(ree.). The systematic error was
estimated by studying the effects of changes in the value of oy and ymin of £20% and a factor
of three respectively. The effects of using different fragmentation models were also included
in the systematic error.

The experimenta) results, together with the extracted values of (z(rec.)}q, are sum-
marised in Table 1. The laiter are consistent with scaling between the different centre of
Tnass energies, and are thus combined to give an overall mean value of {z(rec.)}g of

{z{rec.)). = 0.67 £ 0.02 £ 0.02
{z(rec.)}y = 0.83+0.01 £ 0.02 .



[ Expt. Ref. | ! I MC Model | E.. {GeV) e(zm) e (z{pri.)) eo{2z(rec.)) {zp}. % (z(pri.)). % {z(rec.)). %o
MARKJ | 1] | & FF + Ali 37 - {79 F .11 5 .15)% - 46 £3+3 51+ 33 (12)—
Tasso | hal | w Lund 34.5 - - 006 77008 008 - At 8319 2
TASSO | [14] | ¢ | FF + Al 34.6 - - 1-9 Las s 7 57 tlf; te

JADE 1s] | p Lund 34.6 - 015 Toe TRl - - - ‘77 435 )
MAC 18] | & FF + Ali 29 - 7 o - .17 — 87
DELCO | [17] | e Lund 29 247 - - 59+ 4 - 76 +£4 (£3)
Tre [18] | n Lund 29 A4 700 e k - - 60 1“6;14 - 76¢6 + 4 (:3)JI
Table 1(a}
Table 1. A compilation of the latest results on {a) charm {b) bottom quark fragmentation from inclusive
lepton studies. The additional systematic error given in brackets in the final column refers to the uncertainty
in extracting {z{rec.)} from {zg) or (z(pri.)}.
7
Expt. Ref. | 1 I MC Model | E.., (GeV) en(ze) en{z{pri.}) ! e,.(z;trec,)] (reh % {z(pre)h % {z(rec.))s % -
MARK 5 |[11} |p | FF + Ali 27 (-164 ¥ .024 7 .055)2 - o 7T4:2+5 |TE£2+5 (£2)
TASSO |13 | s | Lund 345 - . 028 30‘23 don® o BsTI0 +Z | gytid vz ‘
TASSO | [14] | e | FF + Ali 34.6 .005 ;;{;‘2’737 2‘;;3";‘[’; N - - Dogg t1B *;1_
JADE (18} | n Lunc{r 34.6 - - .0035 :::;ﬁi ; §;::§° - B6x4%5
MAGC |18] | i | FF + Ali 29 - - 008 ;1,";2 - - 80 £ 10
DELCO | [17} | e Lund 29 033 7051 - - 7245 - 8315 (tt’:]i
TPC | {18] | w | Lund 29 011 TG e - - 804545 - 934545 (43) |
TPC (19} | e Lund 29 033 3089 Lo - T4+ 53 - 83+ 5: 30t3)
MARKIL | [9] | p | FF + Al 29 - 042 j_g:; o - 71 t15 L 10
MARKII | [9] |e | FF + Ali 79 - - 015 3 0at Toad - - | 1966 |
Table 1{b}



The results correspond te the following values of eg:

eofz(ree)} =0.06 8:8; : 8;3;

— 0.001 - 0.002
en(z(rec.}) = 0.006 1 599 1 ooo2 -

The ratio €, /ey can be interpreted (from (3) ) as a measure of the ratio of the squares of the
masses of the b and ¢ quarks:

This is in good agreement with an expectation of about 10 (using constituent quark masses
of M. = 1.5 GeV and M, = 4.8 GeV).

Note that the fragmentation cffect of shifting the primordial z values, z{pri.), to higher
values of z(ree.) (as illustrated in Fig. 2}, should be considered when generating Monte
Carlo model events [20!. For example, in order to reproduce she above determined values of
{z(rec.)iq, the values of ¢g required in the Lund Monte Carle generation program (using the
parameters given in Fig. 2), at various centre of mass energies, would be:

Eom =29 GeV : ec(z(pril)) =010, ep(z(pri)) = 0.015
E.pm = 35 GeV . ec{z(pri.)) = 0,09, ep(z(pri.)) = 0.012
E.m =45 GeV : e (z{pri.}) = 0.08, e {z{pri.)) = 0.010 .

Thus, whiist z(rec.} remains constant with energy, the value of z(pri.) is seen to increase
slightly with energy (as ¢g decreases), This behaviour is a consequence of keeping the value
of ymin constant with energy, resulting in a different value of the minimum invariant mass,
my, belween the tesolvable partons 1,7 at the various energy points.

Heavy Quark Fragmentation from Charged Multiplicity Measurements.

Experimental results on the mean charged multiplicity of multihadronic events containing
heavy quarks jets, {rn}g, can be nsed to provide information on heavy quark fragmentation
[21!. By distinguishing between the contribution to {n}g from the decay of the two primary
hadrons {i.e. leading multiplicity, {n;)) and from the remainder of the fragmentation process
{i.e. non-leading multiplicity, {nyi)), the latter can be related to a corresponding average non-
leading energy, (Eni), by utilising the measured variation of the mean charged multiplicity
in eTe” — ¢g(g)(g) evenis, in}, as a function of centre of mass energy, Eom.! The mean
of the fragmentation variable, g, can then be obtained from the simple relation {zg) =
1-— (Enz)/E,:m.

LThe mean charged multiplicity in ete™ — gglg)(g) events, (n}, arises from w,d,s,c and & production,
depending on Ecps, whilst the non-leading multiplicity, {fnny}, is due to u,d and s fragmentation only. The
relation between {n,;} and {E.;) is similar to that between {r} and E.m only if multiplicity is independent
of Aavour content. This is, however, not the case. Cotrections have to be applied in order to obtain the mean
charged multipicity due to the light u, d, s quarks, (n}y, as & function of energy. Above the bF threshold, (r)q
is taken to be 90% of {n}. {This is based on the measurements of [28;31| which find (n)q = 11.6 and {n) =
12.87 at 27.3 GeV'.) In the energy region between the ¢ and b thresholds, {n}q is estimated to be 95% of {n).
Below the ¢z threshold, (n}, = (n} is laken. These corrections have a significant effect on the determination
of the non-leading energy.

The leading multiplicity in kb events is taken directly from [22] which measures 10.99 +
0.06 + 0.29 for the multiplicity of BB evenis. [n calculating the leading multiplicity in c2
events, the procedure used in [23] is adopted. The D, D production ratio is taken as 3 :1
{24], and, in accordance with isospin symmetry, the charged and neutral mesons are assumed
to occur with equal probability. The branching ratio for the decay D*t — D%t is taken as
50% {25] and the n 7 included in the leading multiplicity count. Then, using the measured
D+, DY charged multiplicities of 2.16 £0.11+0.12 and 2.47+0.10+0.08 respectively [26], the
total leading multiplicity of ¢z events obtained is 5.11 £0.21 & 0.20. (Multiplicity differences
due to other ¢ and b flavoured hadrons are not considered).

Recent results on the charged multiplicity of hadronic events containing heavy quark
jets are summarised in Table 2. Included in the table are the non-leading mulitiplicity con-
tributions ({na) = {(r)g — (ri)q), the corresponding non-leading energies, {Eni}, (corrected
to allow for u,d, s production only in the hadronisation) and the resulting mean of the frag-
mentation variables zg and z(rec.). The value of {z{rec.}} is obtained from (zg) in the same
manner as for the inclusive lepton analyses (Fig. 2).

1t is seen from Table 2(b) that the results of the multiplicty of bb events give a very hard
fragmentation for the b quark, with the mean value of z being {z[rec))y = 004 T 052 F e
This is in apparent disagreement with the determination from inclusive lepton production.
Phe multiplicity results, however, suffer from the following systematic uncertainties. The
analysis procedure used was to study hadronic events tagged by a lepton with high trans-
verse momentum relative to the jet axis. The b contribution in this b enriched sample was
determined from a fit to the p,p) spectra of inclusive leptons, performed in terms of the
semi-leptonic branching ratios and fragmentation functions of heavy quarks. However, as
demonstrated in [15], when such fits are performed in terms of the fragmentation variable
zg (4), the results of the semi-leptonic branching ratio measurements are highly affected by
systematic uncertainties in the fragmentation process and QCD calculation - leading to an
overestimation of the semi-leptonic branching ratio of the b quark.! In such cases, the actual
b content of the b entiched sample is lower than that estimated from the fit. Consequently,
the correction for the background contributior in the b enriched sample is underestimated,
leading to an underestimated multiplicity measurement of b jets, This in turn results in an
overestimation of the mean of the fragmentation variables zg and z(rec.)!

Such systemtalic errors are present in the determinations of {n)s of [23;29]. The cor-
responding effect in the determination of the fravour content in the ¢ enriched sample [23]
(tagged by a lepton with low transverse momentum relative to the jet axis) is an underestima-
sion of the ¢ content, leading to an overestimation in {nr). and conseguently an underestima-
tion in (g} and (z{rec.)}e. In |21], the Aavour content in the ¢ and b enriched regions was
determined from a fit to the inclusive lepton sample employing the fragmentation variable
zp (6). However, ¢, was fixed to 0.25, which although considered at the time to be a a good
representation of the charm fragmentation in terms of zg, is not a valid representation in z.
This directly effects the determination of both the ¢ and b semi-leptenic branching ratios.

For these reasons, in determining (z(rec.)), only the results of multiplicity measurements

of heavy quark jets tagged by a D° are used. This yields {z(rec.)jc = 5 Tomat oo0e .

1This is further supported by the observation that analyses using the variable zg and varying both fragmen-
tation parameters ¢, and ¢, of the Peterson function, give the highest values for the b semi-leptonic branching
fraction (~ 25% higher than the world average} [15..
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Summary and Outlook.

The use of various fragmentation variables in inciusive lepton preduction in e e~ annihi-
lation has been investigated. Their differences have been resolved, providing a common basis
for comparison of experimental results. This basis is the fraction of the sum of the energy
and momentum of the primary quark (after allowing for the effects of initial state radiation
and gluon bremsstrahlung) retained by the primary hadron. The value of this fraction, as
reconstructed from the parton and hadron final state momenta and energies, z(rec.), tends
to be larger than that allocated by the primordial fragmentation function, z{(pri.). The eflect
is particularly significant in events in which a hard gluon is emitted. The overall combined
mean value of (2(ree.)}o and the corresponding value of eqg(z(rec.)) is determined to be

(z(rec.)}. = 0.67 £0024 002, efz{rec)) =006 ;00 05
(2(rec)iy = 0.83 =0.01 £0.02, ep(2(rec.)) = 0.006 7 3501 7 2822

for an unknown mixture of ¢ and & flavoured hadrons respectively. These results lead to an

44+ 5

z
estimate for the ratio of the squares of the masses of the b and ¢ quarks of 22 =10 * PR

M,
Mﬂ.‘
in good agreement with an expectation of about 10 .

In optimising the Lund Monte Carlo simulation model, the values of eg{z(pri.)) re-
quired by the primordial fragmentation functions to produce ihe above determined values of
{z{rec.)} depend on the value of a; and the value of ymni, used at a given centre of mass
energy: e.g. using &, = 0.165, and ym:n = 0.015 the optimum values at PEP and PETRA
energies are respectively:

Eem =29 GeV : {z(pri)) = 010, ex(z(pri.)) = 0.015
Eem = 35 GeV ; eo(z{pri.)) = 0.09 , er(z(pri.)) = 0.012 .

A further independent method of extracting information on the heavy quark fragmen-
tation, arises from measurements of the charged multipiicity of hadronic evenis containing
heavy quark jets. Hadronic events tagged by a D" yield (z(rec.)}, = 0.58 = 8:8; * 8:83
which is consistent with the determination {from inclusive lepton production. Charged mul-
tiplicity measurements of hadronic events tagged by an inclusive lepton yield z(rec.), =
094 + g;g,ﬁ M g:g: . However, the present measurements suffer from significant systematic
errors arising from the incorrect determination of the flavour content of the inclusive lepton

sample.

The results of the charm fragmentation can be compared with the determination from
)" measurements which gives {z(rec.)}. = 0.70 £ 0.01 =+ 0.03 .8]. In making such a com-
parison, it is noted that the value of {z(ree.})). resulting from inclusive lepton analyses and
charged multiplicity measurements, is expected to be slightly softer than that arising from
I)" measurements, as the former is an average of an unknown mixture of primary mesons
and baryons. (Recall from {3} that a D, (or D) meson, for instance, gives a larger value for
€c, and therefore a softer fragmentation, than a I (or D) meson.)

Finally, despite the popular use of the Peterson form of f(z) o determine the {z} of
heavy hadrons, it is stressed that its derivation is relatively naive and it would indeed be
surprising if it were to provide the ultimate description of the data. Within the limnited
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statistics however, the distribution of the I}* cross sections is found to be in accordance
with the Peterson fragmentation function, when fitted as a function of z rather than zg
|8]. The JADE collaboration [15] recently showed that the Peterson form also gives a good
representation of both the charm and bottom fragmentation. A fit was performed i the
p,pL spectra of inclusive muons by dividing the z{rec.) region of the Lund Monte Cario
model into several intervals, and weighting these intervals without assuming any functional

form for z(rec.). The mean and rms values of z{rec.} as determined from the “free fit’” are in.

good agreement with those determined from a fit to the Peterson function:

free fit Peterson
(2(ree)). & Az{rec.). = 0741020 0771016
{z[rec.))s + Az(rec)y = 0.88x0.07 0.86+0,12 .

The statistical significance of this result is still limited however. More data are required
to achieve any reasonable sensitivity to the detailed shape of the fragmentation function.
However, with PETRA experiments having accumulated a further = 90 pb~ ! of luminosity
at /s = 35 GeV in 1986 {more than deubling the previous statistics at this energy), and
PEP experiments totalling over 200 pb~!, a more precise determination of the functional form
of the fragmentation funciion, enabling more stringent tests of fragmentation models Lo be
performed, is awaited.
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Figure Captions

Figure 1. The fragmentation and semileptonic decay of a b quark. A b quark is produced
with energy £, by the reaction ete” — bb{g){g). The b fragments into a B meson of
energy Ep = 2K, with probability f(z). The B meson subsequently decays semileptonically,
B — X, with the lepton momenta reflecting the z of the primary B.

Figure 2. The relation of {z{pri.)} and {zg) to {2(rec.)) as a function of ¢p for (a)
¢ — (X and (b) b ~+ 11X events at B = 29 GeV; caleulated using the Lund 5.2 Monte
Carlo program with a. = 0.165 and ymin = mfj/s = 0.015, where m;; is the invariant mass
between partons ¢ and 7. In the Monte Carlo, the primary ¢ and b quarks mostly form the
lightest vector hadron state.
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